AbstrAct the hydroxyurea, a cytotoxic drug, is the mainly available therapeutical strategy for the treatment of sickle cell disease. this study aimed to evaluate the mutagenic and genotoxic potential of the hydroxyurea through the Salmonella/Microsome assay and micronucleus test in peripheral blood of mice. the doses were evaluated at 29.25-468 μmol/plate in Salmonella/Microsome assay in presence and absence of metabolic activation the drug. In the micronucleus test the doses were evaluated at 12.5; 25; 50; 75 and 100 mg/kg. The results show that hydroxyurea present mutagenic activity in TA98 and TA100 in doses above 117 μmol/plate and 234 μmol/plate respectively. The drug induced a significant increase in the frequency of micronuclei in reticulocytes of mice at concentrations of 50, 75 and 100 mg/kg, compared to negative control (water). These results demonstrated the mutagenic and genotoxic potential of hydroxyurea. (Int J Biomed Sci 2011; 7 (4): 263-267) 
IntroductIon
Hydroxyurea (HU) is an antineoplastic and a chemotherapeutic agent widely used for the treatment of myeloproliferative diseases, including myeloid leukaemia, polycythemia vera and essential thrombocytopenia. This drug has been utilized for at least two decades in the treatment of sickle cell disease (SCD). HU may be given to children and adults with SCD for an extended period of time or for repeated cycles of therapy and its beneficial effect in SCD has been associated with its capacity to induce fetal hemoglobin synthesis (1) .
Despite of this beneficial effect, it knows that the treatment with HU is associated with known side effects such as cytotoxicity and myelosuppression. In the literature, the HU ability to cause cancer is controversial and the long-term efficacy and safety of HU in treating patients with SCA remain incompletely defined (2) . Some studies have shown that hydroxyurea is genotoxic while other studies suggest that hydroxyurea has low mutagenicity in vivo (3, 4) .
The fact is that HU inhibited the enzyme ribonucleotide reductase interrupting the normal mechanism of ribonucleotides and deoxyribonucleotides reduction and in the last step limiting DNA biosynthesis (3, 4) . Some reports related that HU acts as a competitive inhibitor of catalasemediated hydrogen peroxide decomposition and this effect ORIGINAL ARTICLE could be related to in vivo toxicity (5) . In eukaryotic cell, a study of HU, in mammalian (V79) cells, reported microsomal activation-dependent mutagenicity and found that the addition of catalase inhibited microsome mediated mutagenicity, indicating that hydrogen peroxide was involved in the formation of mutagenic DNA lesion (6) .
The assessment of genotoxicity through standardized tests recommended by regulatory agencies is crucial to enable a safer and more adequate therapy. Based on clinical evidence, antineoplasic agents induce tumours when used at therapeutic doses, mainly acute non-lymphocytic leukaemia (7) . So, the evaluation of genotoxicity is essential. The aim of this present study was to evaluate the mutagenic and genotoxic effect of HU using Salmonella/Microsome assay and micronucleus test. 
MAterIAls And Methods

Animals
For the evaluation of in vivo mutagenicity of the drug hydroxyurea was used micronucleus test in peripheral blood cells of mice Mus musculus (Swiss albino) with about 30g of body weight, from the Central Animal Universidade Estadual Paulista -Unesp. The animals were kept in cages during the treatment period, with food and water ad libitum, light/dark cycle of 12 hours and tempera- 
Mutagenicity Assay
The Salmonella mutagenicity assay was performed by pre-incubating the test compounds for 20-30 min with Salmonella typhimurium strains TA98 and TA100, with and without metabolic activation (S9 mixture). HU was tested at the following concentrations: 29.25; 58.5; 117; 234; 468 μmol per plate.
These doses were determined after the toxicity tests had been carried out. In all subsequent assays, the upper limit of the dose range tested was either the highest nontoxic dose or the lowest toxic dose determined in this preliminary assay. Toxicity was apparent either as a reduction in the number of his ± revertants, or as an alteration in the auxotrophic background (i.e., background lawn).
The various concentrations of compounds to be tested were added to 500 μL of buffer pH7.4 and 100 μL of bacterial culture and then incubated at 37 ºC for 20-30 min. After this time 2 mL of top agar was added to the mixture and poured on to a plate containing minimum agar. The plates were incubated at 37ºC for 48 h and the his ± revertant colonies were manually counted. The influence of metabolic activation was tested by adding 500 μL of S9 mixture (5%). All experiments were performed in triplicate.
The standard mutagens used as positive controls in experiments without S9 mix were sodium azide (1.25 μg/ plate) for TA100 and 2-antramine (3 μg/plate) for TA98. 2-Anthramine (1.25 μg/plate) was used with TA100 and nitrophelylenediamine (3 μg/plate) with TA98 in the experiments with metabolic activation. DMSO served as the negative (solvent) control (100 μL/plate).
The statistical analysis was performed with the Salanal computer program, adopting the Bernstein model (9). The mutagenic index (MI)-the average number of revertants per plate divided by the average number of revertants per plate from the negative (solvent) control-was also calculated for each dose. A sample was considered positive when the MI was equal to or greater than 2 for at least one of the tested doses and if it had a reproducible dose-response curve (10) .
evaluation of the Mutagenicity by Micronucleus test in Peripheral blood cells of Mice
The doses were evaluated of drug hydroxyurea (12.5 25, 50, 75 and 100 mg/kg) via gavage administered to animals. For the treatment the animals were divided into groups of 10, with 5 males and 5 females. It was established a positive control group, in which the animals were intraperitoneally treated with cyclophosphamide (50 mg/ kg) and a negative control group, where the animals received only water. The protocol adopted for this work was previously described (11) , it which employ pre-stained laminas by Acridine Orange. After 30 hours, the animals were killed to collect the blood. We counted 1000 reticulocytes per animal and recorded the frequencies of micronucleated cells. After the cytological analysis of the laminas containing samples of peripheral blood of mice treated with the drug, were calculated frequency average cell micronuclei, and the standard deviations for each treatment groups. From these results was applied a test of analysis of variance (ANOVA). Where P<0.05, the average of treatments were compared using the test t, calculating the minimum significant difference for α=0.05.
results Table 1 shows the number of revertants/plate, the standard deviation and the mutagenic index (MI) after the treatments with the compounds, in the two different strains of Salmonella typhimurium, with or without metabolic activation.
HU exhibited mutagenicity in strains TA98 and TA100, in the last the mutagenicity was observed in presence and absence of metabolic activation. Using TA 98, the mutagenicity was observed only in presence of metabolic activation at 117 and 234 μmol/plate with mutagenic index of 2.2 and 2.6 respectively ( Table 1 ). The sample is considered positive (mutagenic) when the mutagenic index is equal to or greater than 2 for at least one of the tested doses. In TA98 strain the concentration of 468 μmol/plate induced a reduction in number of revertants, consequence of the toxicity caused by HU. Using TA100, mutagenic index higher than 2 was observed at concentrations above 234 μmol/plate in presence and absence of metabolic activation. These results indicate that HU has a mutagenic potential at high concentrations above 234 μmol/plate using TA100 Salmonella strain. 0, negative control (DMSO-100 μL/plate) *P<0.01 or **P<0.05 (ANOVA). The values in parenthesis = mutagenic index. Numbers represent averages of triplicates from the three different experiments ± the standard deviation. Positive control: sodium azide (1.25 μg/plate) for TA100 (-S9), 2-antramine (3 μg/plate) for TA98 (-S9) and 2-anthramine (1.25 μg/plate) for TA100 (+S9) and nitrophenylenodiamine (3 μg/plate) for TA98 (+S9). Figure 1 shows the frequency of micronucleated reticulocytes (MNRET) and standard deviation of 1000 cells obtained from mice treated with water (negative control) and hydroxyurea. The results show that the drug hydroxyurea, administered at different concentrations induced a significant increase in the frequency of micronuclei in reticulocytes of mice at all tested concentrations, compared to negative control (water). Cyclophosphamide used as positive control presented an average of 46 micronucleated reticulocytes (Figure 2 ). This result is not statically significant when compared to 100 mg/kg that presented an average of 34 micronucleated reticulocytes per slide.
Experiments were carried out at concentrations of 200 mg/kg and 400 mg/kg. The statistical analysis no show difference of the micronuclei frequency in a dose of 200 mg/kg when compared to 100 mg/kg. At a dose of 400 mg/ kg was observed a decrease in the number of cells, possibly due to toxicity of hydroxyurea (results no showed).
dIscussIon
The mutagenicity and genotoxicity evaluation is essential to determinate the drug security for human use. Some assays as Salmonella/Microsome and micronucleus test are recommended by regulatory agencies. The Salmonella/Microsome is based upon the reversion of mutations in the histidine (his) operon in the Salmonella typhimurium. Strains with mutations in the his operon are histidine auxotrophs. In the presence of mutagenic compound revertants will restore the his + phenotype and the bacteria will grow on minimal medium plates without histidine. The number of colonies produced is proportional to compound capacity to induce mutagenicity. The strain TA98 and TA100 respectively detect mutagens that cause displacement of frame reading and replacement of base pairs in DNA (8) .
Using Salmonella/Microsome assay our findings showed that HU present mutagenic potential although a previous study had showed the absence of mutagenicity of HU tested up 0.5 mg per plate in TA100, TA98 and TA1537 (12) . Specifically, we demonstrated that mutagens that cause displacement of frame reading occur in presence of metabolic activation above 117 μmol/plate. This mutagenicity could be due to generation of some specie generating during HU metabolism. When analyzing the strain that detected replacement of base pairs in DNA (TA100), we observed that mutagenicity occur above 234 μmol/plate in presence and absence of metabolic activation.
The micronuclei test is a model to study genotoxicity used to detect and measure micronucleated reticulocytes. During normal erythropoiesis, red blood cells extrude their nucleus as they develop into functional reticulocytes. Occasionally, membrane bound DNA resulting from double- strand breaks or else lagging whole chromosomes remains in the cell after erythrocyte maturation and these inclusion bodies are known as micronuclei. During normal erythropoiesis, micronuclei are formed at low frequency, and MNcontaining erythrocytes are removed quickly and efficiently from peripheral blood circulation. The presence of micronuclei in circulation indicates chromosomal damage (13) .
Control Groups
Our results showed that HU present genotoxic potential in mammals' cells at all concentrations tested. These results are consistent with previous study that had demonstrated that HU present genotoxicy using Cometa assay, although this assay has the disadvantage to not detect aneuploidy, chromosome rearrangement, DNA mis-repair or DNA adducts (13) . Other study has related the HU genotoxicity to its capacity to generate indirectly hydrogen peroxide probably due to inhibition of catalase-mediated hydrogen peroxide decomposition (5, 6) .
These results associated with reports in literature allow us to state that HU is a genotoxic agent and a presumable trans-species carcinogen.
